Objective: To examine whether a healthy weight intervention embedded in the Parents as Teachers (PAT) home visiting program, which was previously found to improve mothers' body mass index (BMI) and obesity-related behaviors, changed the BMI of preschool children or maternal feeding practices.
INTRODUCTION
Obesity in early childhood is a serious, largely preventable public health problem that tracks into adulthood, is associated with several childhood and adulthood morbidities including diabetes, and is difficult to reverse as children grow older. 1 Children's dietary preferences and habits become established early (ie, in utero and during early childhood), 2 which makes this formative period crucial to prevent obesity. Parents and other caregivers have a critical role in shaping children's risk for obesity by selecting foods that are available to the child, using appropriate feeding practices, and role-modeling eating behaviors. 2, 3 Parental weight status is also an important risk factor for the development and severity of obesity in their children. 4, 5 There is increasing recognition of the importance of parental participation in weightrelated interventions for children, and the degree of their involvement is positively associated with intervention effectiveness. 6, 7 In addition, the importance of a healthy family home environment in early childhood to prevent excessive weight gain is well established but not consistently targeted in interventions to prevent obesity in young children. 8, 9 When intervening with preschoolaged children, targeting mothers as part of an intervention may have the additional benefit of addressing weight gained during pregnancy and potentially disrupting the intergenerational transfer of obesity. 10 However, only a small proportion of mother-targeted interventions with preschool-aged children assessed the effect on maternal eating or physical activity, and even fewer assessed maternal weight. 11 This makes it difficult to determine whether interventions targeting mothers and their preschool children result in effects for both groups, rather than just the primary target. Although research with other caregivers is necessary and sparse, 12 the current study focused on mothers due to their increased obesity risk and primary caregiving role during early childhood. 2, 10 The Healthy Eating and Active Living Taught at Home (HEALTH) study was a 5-year project that adapted and embedded the Diabetes Prevention Program 13 within the St Louis Parents as Teachers (PAT) child development home visiting program. The primary aim was to achieve and maintain weight loss among mothers who were overweight or had obesity and whose child was of preschool age. Findings from the primary aim were published elsewhere 14 and demonstrated that participating in this intervention made mothers more likely to achieve a 5% weight reduction compared with those receiving usual PAT programming. In addition, the intervention improved maternal waist circumference and physical activity and reduced maternal sugar consumption and home soda availability and accessibility. 14, 15 To understand whether the changes in maternal weight and behaviors transferred to benefit their preschoolaged children, the current study examined the impact of the HEALTH intervention on children's body mass index (BMI) and maternal feeding practices with preschool children. It hypothesized that the HEALTH intervention would result in maintaining or reducing children's weight status and improving maternal feeding practices.
METHODS

Study Design
The researchers carried out a stratified randomized pragmatic trial 16 in partnership with PAT-affiliated programs in 8 St Louis regions. Participants were assigned into the usual care and intervention groups using randomization stratified by region. The study enrolled participants continuously from 2012 to 2014 and they were observed for up to 24 months. The Washington University in St Louis Institutional Review Board approved the study.
Participants
Preschool-aged children (aged 2−4 years at baseline) and their mothers participating in PAT comprised the participants for this study. Child−mother pairs were included if mothers (1) were able to provide informed consent; (2) were aged 18 −45 years; (3) were overweight or had obesity (BMI 25−45 kg/m 2 ); (4) had at least 1 preschool-aged child at risk for overweight (BMI percentile ≥ 60%) 17 living in the home; (5) planned to continue in PAT for at least 2 years; (6) were not pregnant or planning to become pregnant in the next 24 months; (7) spoke English; and (8) were not currently enrolled in a weight loss program, undergoing treatment for diabetes or eating disorders, or unable to engage in a walking program. Study staff obtained informed consent from eligible mothers for themselves and the participating child at onsite screenings or by telephone during determination of eligibility. For each completed data collection point (ie, baseline and 12 and 24 months), participants received a $50 gift card. Additional details regarding recruitment and participation, loss to follow-up, and the intention-to-treat approach are provided elsewhere. 14 
Intervention Groups
Mothers and children randomized to the usual care group received the standard PAT curriculum, which was delivered by parent educators and centered on parent−child communication, child development, and family well-being with the goal of promoting school readiness. 18 The HEALTH intervention was a lifestyle intervention based on the Diabetes Prevention Program, 13 which was embedded in the standard PAT curriculum, with the goal of promoting maternal−child interaction and maternal role modeling of healthy eating and activity behaviors. The HEALTH intervention focused on maternal obesity-related behaviors such as limiting intake of sugar-sweetened beverages, substituting fruits and vegetables for high-caloric snacks, limiting portion sizes, increasing physical activity by walking 30 min/d, and decreasing sedentary activity. Behavior change strategies were guided by the Social Cognitive Theory and addressed interpersonal, intrapersonal, and home environment factors. 19 The HEALTH intervention did not include additional responsive feeding elements beyond what was provided through the standard PAT curriculum. Additional details about the HEALTH intervention and its implementation are provided elsewhere. 14 
Measures
Participants were assessed 3 times during the study period: at baseline and at 12 and 24 months.
Trained study personnel performed anthropometric measurements at the study site according to National Health and Nutrition Examination Survey 20 procedures. The 2000 Centers for Disease Control and Prevention growth charts 21 were used to calculate children's BMI percentiles and z-scores.
The researchers measured maternal feeding practices using the Preschooler Feeding Questionnaire. 22, 23 Mothers rated 34 items on a 5-point Likert scale; these were then converted into measures of 8 feeding constructs: difficulty in child feeding, concern about child overeating or being overweight, pushing the child to eat more, using food to calm the child, concerns about the child being underweight, child's control of feeding interactions, structure during feeding interactions, and age-inappropriate feeding.
Surveys carried out with the mothers also assessed sociodemographic measures including children's and maternal age, gender, and race; maternal education, marital status, and participation in government assistance programs; and household annual income.
Statistical Analyses
Participant characteristics at baseline were compared using the independent samples t test (continuous variables), Wilcoxon test (ordinal variables), and chi-square test of homogeneity (categorical variables).
To examine equality of changes in children's BMI and maternal feeding practices across the 3 time points between intervention and usual care groups, repeated-measures mixedmodel ANOVA (RM-ANOVA) with an autoregressive covariance structure was used. The RM-ANOVA model included the effects for treatment group, time point, and the interaction between treatment and time point. Statistical contrasts within the models tested whether changes between baseline and 24 months in the usual care group were equal to corresponding changes in the intervention group. In addition, when the interaction between time and treatment group was not statistically significant, the researchers used RM-ANOVA models with time point as the main effect variable and treatment group as a covariate and examined changes between baseline and 24 months in the combined group.
Moreover, to examine whether there were differences in changes between children's weight status categories (<60th percentile, 60 −74.9th percentile, 75−84.9th percentile, 85−94.9th percentile, and ≥ 95th percentile) over time, generalized estimating equations with a multinomial distribution, cumulative logit link function, and independent correlation structure were used. The analytic model was similar to the one described for RM-ANOVA.
Analyses were conducted using Statistical Analysis Systems (version 9.4, SAS Institute, Cary, NC, 2014).
RESULTS
A total of 230 completed the baseline assessment; 179 of these (78%) completed at least 1 follow-up measure and thus were included in the analyses. The intervention (n = 97) and usual care (n = 82) groups were similar at baseline for most characteristics except for mother's education level ( Table 1) . Mothers of children in the usual care group had a higher level of education than did mothers of children in the intervention group. Children participating in this study were on average 3.4 years old and 45% female, with average BMI percentile of 81.5. They were predominantly white (57%) or African American (33%) and of diverse income levels. The mothers' average age and BMI were 32 years and 34.4 kg/m 2 , respectively, and the majority of the children's mothers were married (61%) and received help from the Special Supplemental Nutrition Program for Women, Infants, and Children or other programs (51%).
There were no differences between the intervention and usual care groups in change over time in child BMI percentile and z-scores (Table 2 ). In addition, there were no differences between groups in the degree in which children changed between weight status categories (<60th percentile, 60−74.9th percentile, 75 −84.9th percentile, 85−94.9th percentile, or ≥ 95th percentile) over time (P = .98). Changes in maternal feeding practices over time also did not differ between the intervention and usual care groups (Table 3) .
Because the interaction between time and treatment group was not significant for any outcome, as part of post hoc analyses, the researchers combined groups and examined changes over time while controlling for treatment assignment. Children in combined groups experienced a decrease in BMI percentile (−3.62 percentiles; P = .007) and maintained their BMI z-score between baseline and 24 months' follow-up (P = .19). Mothers decreased the practice of using food to calm the child and age-inappropriate feeding and increased the use of structure during feeding between baseline and 24 months (P < .05). No other feeding practices changed significantly during the follow-up period.
DISCUSSION
This study demonstrated that a healthy weight intervention embedded in a home visiting program that was previously found to improve maternal BMI and obesity-related behaviors did not affect the weight status of preschool children or feeding practices used by the mothers. Children in both intervention and usual care groups maintained their BMI during the 2 years of follow-up despite the study hypothesis that children in the HEALTH group would be more likely to do so than would children in the usual care group.
The BMI z-score is a better measure of change in weight status in preschool-aged children than the BMI percentile. 24 The BMI percentile is less able to detect changes at the extremes of the BMI percentile range than in the middle of the age. 24 The BMI z-score is more appropriate for measuring changes in adiposity over time, which indicates that post hoc findings for the combined groups in this study should be interpreted as maintenance of children's BMI over time.
The main findings of this study are largely in line with similar effectiveness studies. Nezami et al 25 examined a hybrid smartphone and in-person home intervention targeting sugar-sweetened beverage consumption and detected weight loss among participating mothers but not their preschool-aged children over 6 months' follow-up, although both groups reduced unhealthy beverage intake. HaireJoshu et al 26 examined a home visiting intervention delivered through the PAT program and found that among parents, nearly all of whom were mothers (98.5%), the intervention led to increased fruit intake, improved fruit and vegetable availability in the home, and improved fruit and vegetable knowledge, but counter to expectations, there was a decrease in noncoercive feeding practices. Among children, the intervention improved fruit and vegetable intake only among those with normal weight but not among those who were overweight. In a study that included predominantly mothers (85%) but also other caregivers (eg, grandmothers), Tomayko et al 27 detected no changes over 1 year of follow-up in BMI or obesity-related behaviors of caregivers or their children after an obesity prevention intervention that included inperson in-home mentoring, perhaps in part because they used an active comparison group that received newsletters containing the intervention information.
One likely explanation for the absence of intervention effect in this study is the high quality of the standard PAT program that the usual care group received. The maintenance of children's BMI in both groups exposed to PAT observed in this study may indicate that the PAT program already provided some protective effect against obesity for the participating children. The PATembedded HEALTH intervention delivered to the intervention group focused primarily on mothers as the main intervention targets because they are a group at particularly high risk for weight gain. 10 The rationale for the hypothesized changes in children's weight status was that as the mother changed the family's home eating environment and her own obesity-related behaviors, the child would benefit through the improved eating environment and from role-modeling by the mother. The HEALTH intervention topics included child-focused skills (eg, serving appropriate child portion sizes, calorie requirements for the child, mealtime routines), but these built on the solid foundation of skills that the standard PAT provided and which the usual care group received (eg, developmentally appropriate feeding skills and routines, general parenting practices, positive socialemotional environment). Participants in both groups also likely Comparison of treatment groups using Wilcoxon rank sum test. Notes: Because of missing data, sample sizes vary across variables. Participants were mothers in a St Louis Parents as Teachers program who had obesity or were overweight at recruitment and who had at least 1 preschool-aged child at risk for overweight (BMI percentile 60%) living in the home.
benefited from the significant social support provided by PAT. This may explain why maternal feeding practices 28, 29 did not differ between groups. The HEALTH intervention did not include additional responsive feeding components. A hypothesis for testing the effect of the intervention on maternal feeding practices was that because the intervention group mothers received additional elements targeting their own obesity-related behaviors, the responsive feeding elements of the standard PAT program would be enhanced indirectly. However, post hoc analyses from this study suggested that PAT already improved some feeding practices and that any potential indirect effects of the HEALTH intervention were not sufficiently substantial to manifest as differences between groups in maternal feeding practices.
A limitation of this study was that it was unable to assess dietary or activity behaviors in the children. Because other studies documented dietary behavior changes in children after similar interventions, 25, 26 it is possible that the HEALTH intervention resulted in similar changes that may manifest as changes in weight status only as children grow older. Therefore, a longer follow-up window might have been necessary to detect an effect on children's weight status. Although the researchers did not find an intervention effect on maternal feeding practices, improvements in the home food environment (eg, reduced accessibility to soda) 15 and maternal rolemodeling of healthy dietary behaviors 14 may have led to improvements in children's dietary intake, as observed in other studies. 26, 30 In addition, because this study examined a secondary aim of the HEALTH intervention, sample size calculations were not carried out to assess differences in child BMI and feeding practices, which might have resulted in inadequate power for these components of the study. Finally, the intervention did not include explicit content regarding responsive feeding, which might have limited its impact on children's weight status.
IMPLICATIONS FOR RESEARCH AND PRACTICE
This study demonstrated that the success of an intervention to improve maternal weight and obesity-related behaviors does not necessarily translate to an intervention effect on children's weight status. Embedding of the HEALTH intervention with PAT and similar programs can be scaled up to prevent weight gain in mothers of preschool-aged children. Based on the post hoc findings, exploration of the role of PAT in preventing obesity and changing obesityrelated behaviors is warranted. Upon analysis of effectiveness using more rigorous designs (eg, group-randomized trials) and identifying key PAT elements responsible for obesity prevention, these elements of the PAT BMI indicates body mass index; HEALTH, Healthy Eating and Active Living Taught at Home study. a Repeated-measures mixed-ANOVA models with an autoregressive covariance structure that included treatment group, time point, and interaction between treatment group and time point. P 's are for statistical contrasts within models testing whether changes between baseline and 24 months in the usual care group were equal to corresponding changes in the intervention group; b Repeated-measures mixed-ANOVA models with an autoregressive covariance structure that included time point and treatment group. P's are for statistical contrasts within models testing whether there was a change between baseline and 24 months in the combined group, while adjusting for group assignment. Notes: Participants were mothers in a St Louis Parents as Teachers program who had obesity or were overweight at recruitment and who had at least 1 preschool-aged child at risk for overweight (BMI percentile ≥ 60%) living in the home. model could be made available as an obesity prevention strategy in communities facing obesity disparities. Repeated-measures mixed-ANOVA models with an autoregressive covariance structure that include time point and treatment group. P's are for statistical contrasts within models testing whether there was a change between baseline and 24 months in the combined group, while adjusting for group assignment. Notes: Participants were mothers participating in a St Louis Parents as Teachers program who had obesity or were overweight at recruitment and who had at least 1 preschool-aged child at risk for overweight (body mass index percentile ≥ 60%) living in the home.
